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FEED MANAGEMENT

Hay feeding to manage soil fertility
Ed Rayburn for Progressive Forage

AT A GL A NCE
Bale grazing on hay fields
and pastures is a low-cost
way to feed cattle and
maintain or build soil fertility
in an environmentally friendly
manner when properly
managed.

Livestock often need to be fed hay
during the winter and during droughts.
Hay, pasture and supplemental feeds
contain nutrients needed by both plants
and animals. When fed to animals,
nutrients not used in maintenance,
growth or milk production are excreted
in manure and urine. It is good
management to recover the excreted
nutrients and place them where they
can be used to grow plants to produce
another crop. This needs to be
managed in tune with soil fertility.

The fertilizer nutrients in hay and
pasture dry matter (DM) are highly
related to forage quality, measured
as crude protein (CP) in the DM
(Table 1). Using West Virginia 2021
spring prices for urea, diammonium
phosphate and potassium chloride,
the total value of the fertilizer
nutrients nitrogen (N), phosphate
(P2O5) and potash (K 2O) in hay
ranges from $33 to $75 per ton DM.
A typical first-cut yield is 2 tons per
acre. That means $66 to $150 per
acre of fertilizer is being removed
from the soil in first-cut hay. These
nutrients need to be returned to
the soil as fertilizer or in manure
to maintain soil fertility and forage
productivity over time. Nitrogen can
be provided by legumes, but the P2O5
and K 2O need to be purchased or
recycled.
In pastures, the amount of
nutrients cycled by grazing is greater
than that taken off in livestock
products (Table 2). In a cow-calf
operation, if every 1,200-pound cow

produces 6,500-pound calves over
an eight-year life, fed pasture for six
months and hay for six months, the
nutrients available for cycling are 94%
of the N, 90% of the P2O5 and 99%
of the K 2O. Calf and cull cow animal
product removal averages 19 pounds
N, 9 pounds P2O5 and 2 pounds of
K 2O per year.
To put forage quality into
perspective, average first-cut beefquality hay in West Virginia is 10%
CP, and second-cut grass-clover hay
and continuously grazed pasture
contain 16% CP, while well-managed
rotationally grazed pasture is 20%
CP. Managers can fine-tune these
fertilizer values for their operation by
forage testing.
Forage analysis reports crude
protein and elemental phosphorus
(P) and potassium (K). Fertilizer
nutrients are calculated as:

The economic value of recycling
nutrients in winter-fed hay varies.
Using 10% CP hay, fed at 80%
efficiency for six months, the cost is
about $130 per cow wintered. For a
30-cow herd, this is $3,900. Keeping
fertilizer nutrients where they can be
reused makes economic sense.
Bale grazing is a low-cost option
for winter feeding hay to recycle
nutrients on hay land or build
fertility on pastureland. There are
differing opinions on bale spacing
when bale grazing. When feeding on
pasture at a low rate, 5,800-pound
bales per acre (93 x 93 feet spacing)
is equivalent to 2 tons hay per acre.
On hay land when feeding on part
of a hay field every four to six years,
a higher bale density may be more
practical (Table 3).
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Forage Agronomist
West Virginia University
erayburn@wvu.edu

CP percentage / 6.25 = N percentage
P percentage x 2.3 = P2O5 percentage
K percentage x 1.2 = K 2O percentage

TABLE 1

Fertilizer nutrient content/ton of hay dry matter (DM) and
the dollar value of the fertilizer nutrients in hay is related
to forage quality measured as crude protein (CP)
N

CP % in
forage DM

P2O5

K 2O

Value of nutrient $/Lbs.
$0.58

$0.78

$0.41

Photos provided by Ed Rayburn.

Lbs fertilizer nutrient/ton DM
6

19

8
10

10

33

26

11

37

$39

32

12

41

$45

$33

12

38

13

45

$51

14

45

14

49

$57

16

51

15

53

$63

18

58

16

57

$69

20

64

17

61

$75

±3

±13

Range covering 67% of observations
Cows bale graze with regrowth in a drought year with calf creep grazing
under temporary wire.

Total
fertilizer $
value/ton
hay DM

Based on fertilizer prices for urea, diammonium phosphate and potassium
chloride being $530, $730 and $490/ton respectively in West Virginia,
March 2021.
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TABLE 2

Fertilizer nutrients recycled during six animal unit months
(AUM) grazing of high-quality pasture is much greater
than nutrients removed in exported animal products

Recycled and removed
fertilizer nutrients
Value of nutrient/lb

N

P2O5

K 2O

Total value of
nutrients

$0.58

$0.78

$0.41

6 AUM grazing (2.3 t dry matter
20% CP)

147

39

140

$173

500-lb calf (17% fat)

15

7

1

$15

1,200-lb cull cow (21% fat)

33

18

3

$34

100 cwt milk

56

21

18

$56

TABLE 3

Narrow teeth.
Broad horizons.
Daring tooth design is not for the narrow-minded. It is
for those who push the boundaries. And win. Field to
farm. Discover elite kernel processing for dairy nutrition.
Join the high rollers.

Number of 800-lb hay bales fed uniformly across an acre
of land and the rotation return period needed to recycle
the nutrients for a 2-ton (five-bale) yield per acre

Number of bales fed per
acre in the feeding year

Bale spacing in feet

Rotation return
period in years

20

50 x 50

4

25

45 x 45

5

30

40 x 40

6

717.354.5040 | New Holland, PA

This represents first-cut yield with aftermath being grazed. If second-cut hay
is taken, increase the number of bales fed per acre proportionally to total
bales made per acre.

Cows eat unrolled hay on dry ground.
USE THE FOLLOW ING GUIDELINES FOR BA LE GR A ZING ON
ME A DOWS A ND PAST URES:

• Soil test all meadows and
pastures to determine their
fertility status every three to five
years to know where fertilizer
nutrients are most needed.
• Feed hay in hay meadows
to return nutrients removed in
harvest and to build soil fertility
into the optimum range.

• Rotate feeding areas across
hay fields on a four- to six-year
cycle.
• Feed bales in feeders during
wet, muddy weather or unroll
bales on dry or frozen ground.
• Do not winter feed on wet
soils that will not take the

Got an
Got a
equipment silage
question?
question?

animal traffic.
• Feed hay in pastures to build soil
fertility into the optimum range.
• Feed 50 feet away from
fencelines, water tanks and
wind breaks; 100 feet away from
streams and drainage ways; 200
feet away from household wells

• Feed on wet ground when
frozen or during summer
droughts to recycle nutrients.
• If needed, broadcast seed and
chain harrow after the feeding
season to revegetate the area.

and springs.
• Do not feed more than one bale
in the same spot in one feeding

• If needed, cultipack or roll the
feeding area to smooth the soil
surface.

We have silage articles dating
from 2008 to present on
progressiveforage.com. Simply
type keywords related to your
question in our search bar.
Chances are that you’ll find
resources to help.

season.

Click. Type. Search ... Done.
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